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1. PURPOSE. ThisAdvisory Circular (AC) demondrates how exigting federd regulations
on obtaining alicense to conduct areusable launch vehicle (RLV) mission(s) may be used to
obtain alicense to conduct RLV missons for test flight purposes (referred to herein as test flight
RLV missons) whilean RLV isunder development. Specificdly, this document addresses how
to obtain alicense for test flights subject to RLV misson licensing under Title 14, Code of
Federal Regulations, Part 431 (referred to herein as part 431). The methods and procedures
described herein provide an acceptable gpproach to utilizing arisk andyss and system safety
process for test flight RLV missions as required by 14 CFR § 431.35, and an acceptable
gpproach to meeting environmentd requirements for test flight RLV missons as required by 14
CFR §431.93. Other approaches that fulfill regulatory requirements may aso be employed.

2.  REFERENCES. Commercid Space Trangportation, Federd Aviation Administration,
Department of Trangportation, Title 14, Code of Federa Regulations, Part 413 and 431, as
well as Advisory Circulars 413-1 (License Application Procedures), 431.35-1 (Expected
Casudty Calculations for Commercid Space Launch and Reentry Missons), and 431.35-2
(Reusable Launch and Reentry Vehicles System Safety Process).

3. BACKGROUND. Asthe commercia space trangportation industry develops RLV
and/or reentry vehicle (RV) designs and enters into a development phase, the Federd Aviation
Adminigration (FAA) expects that some vehicle development flight-testing will be necessary.
Jugt as avidion flight-testing can be conducted under 14 CFR part 21 regulations pertaining to
experimentd aircraft certification, RLV missonsthat are test flights can be conducted under the
commercia space trangportation licensing procedures and requirements of part 431. Licenses
that are granted under these regulations are granted by the FAA’ s Office of the Associate
Adminigrator for Commercid Space Trangportation (AST). FAA licensing regulations for
commercia space trangportation protect the public hedth and safety, and safety of property, as
well as national security and foreign policy interests of the United States. FAA licensng and
regulatory requirements also are intended to ensure that internationd treaty obligations of the
United States are not jeopardized. The FAA will gpply the existing regulations consstent with
the regulatory concerns of the FAA.
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4. LICENSE APPLICABILITY:

a. Gened: Unlike mogt expendable launch vehicles (ELVs), RLVs may fly missons, especidly
during initid text flights, Sgnificantly below a vehicle s maximum performance capabilities or the
mission for which the vehicle was designed — its design reference mission.

This AC isintended to facilitate an gpplicant’ s preparation of alicense gpplication and ability to
obtain the various gpprovas required for an RLV mission license used for the purpose of
conducting test flights. 1t must be noted that there is not a separate set of licensing regulations that
pertain specificdly to test flight RLV missons and there is no regulation thet requires avehicle to
undergo tet flights prior to avehicle sfirst design reference misson, whether suborbita or orbital.

Certain low-performance RLV missons that are test flights may fadl under the FAA’s Satutory
authority to license the launch of alaunch vehicle that is a suborbital rocket. (See 49 USC Subtitle
IX, ch. 701) Condstent with fina rules governing RLV mission licensing, suborbital RLV missons
are regulated under part 431. A test flight of an RLV that isalaunch' as defined in 49 USC
70102(3) and 14 CFR 8 401.5 is subject to licenang under part 431.

During these low- performance test flights, the performance of safety-critical RLV systems,
subsystems and concepts can be validated. Safety-critica systems and subsystems are those whose
performance can affect public safety. Reiable performance of safety-criticd sysemsis especidly
sgnificant during higher-performance RLV missions over populated areas. Data generated from
licensed test flight RLV missions can be used as part of the process to remove or relieve additiond
restrictions placed on flight of unproven vehides . The data from test flights can affect probabilities
used in future flight risk andyses, thereby potentidly increasing the likelihood of demongtrating
acceptable risk for operations near or over populated areas.

T Launch means “to place or try to place alaunch vehidle or reentry vehicle and any payload
from Earth in a suborbitd trgectory, in Earth orbit in outer space, or otherwise in outer
space,...” 14 CFR § 401.5.

" It isimportant to remember that for any unproven vehicle (a category into which test vehidles
certainly fdl), FAA regulations require the use of a probability of fallure equd to onein dl E
caculations a any time the vehicle' s Instantaneous Impact Point is over a populated area, as
stated in 14 CFR § 431.43(d)(2).
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b. RLV Conceptsand Test Hights: Proposed RLV concepts are varied in both design and
operation. The list includes sngle and multiple stage vehicles as well as concepts that use various
combinations of verticad and horizonta takeoff and landing operations. This AC is geared toward a
generic vehicle and does not assume any particular configuration. 1t is equaly applicable to atest or
series of tests of any single phase or combination of phases of flight during launch. Although an
RLV may congst of multiple stages, this AC is pertinent to atest flight of any one of the stages by
itself or any combination of stages tested together aslong as the flight qualifiesas an RLV mission.
This document also provides an acceptable means of demongtrating compliance with certain
requirements of part 431 in support of an application for alicense to test a reusable stage thet flies
to adesignated landing Site as well as one that must be recovered. In other words, an RLV
operator does not need to have a completed vehicle capable of delivering payloads to orbit or flying
its design reference mission before it can apply for an RLV mission license to conduct test flights
under the exigting regulations provided the test flights quaify as RLV missions (i.e., the vehicle or
concept quaifiesasan RLV and the test flight isalaunch of alaunch vehicle).

c. Licenses Two typesof RLV misson licenses are available to an gpplicant as sated in
14 CFR 8 431.3: amissonspecific license and an operator license. A misson-specific license
authorizes alicensee to launch and reenter, or otherwise land, one mode or type of RLV from a
launch Ste to areentry Site or other location approved for the misson. The misson-specific
license may authorize more than one RLV misson provided that each flight is identified and
authorized in the license. An operator license authorizes a licensee to launch and reenter, or
otherwise land, any of a designated family of RLVswithin authorized parameters, including
launch stes and trgjectories, trangporting pecified classes of payloads to any reentry Ste or
other location specified in the license. This AC demongtrates how a missionspecific license
may be obtained for adefined series of text flight RLV missons.

Draft 6.25.02 3



5. LICENSING PROCESS:

a. Genead: The FAA doesnot issue licensesthat are “test flight only.” Insteed, the
FAA bases licensing decisions on satisfactory demondtration that the operator can operate the
vehiclein a safe manner, that is, such that the conduct of the licensed RLV misson will satidy
the requirements set forth in part 431. The procedure for obtaining a safety approval in support
of alicenseto conduct a suborbita or orbita test flight RLV mission, under the scenarios
presented in this AC, is a streamlined version of the basic procedure followed to obtain adesign
reference RLV misson license. In other words, an RLV operator would submit an gpplication
for alicense that includes the necessary engineering data for a specific type of misson(s) to the
FAA — the particular details of a specific misson(s) (vehicle performance, misson trgectory,
launch location, etc.) can result in streamlined or tailored licensing requirements.

To successfully obtain a safety gpprova in support of an RLV mission license, an gpplicant must
satisfy requirements of part 431, subpart C, including those for sefety-critica systems. As
dated 14 CFR 8§ 431.35, two principd requirements for obtaining an RLV mission license are:
(i) meeting acceptable risk as measured by the expected casualty standard (E. £ 30 x 10° for
each mission); and (ii) employing a System Safety Process (SSP) to identify hazards and assess
risksto public safety. As described below, these requirements can be tailored for test flight
RLV missonsthat are confined to remote and sparsely populated areas. Theresultisa
streamlined license gpplication and licensing process.

b. Expected Casudty: Because E; isthe product of probability and consequence of
falure, at least two approaches are available to the applicant to demonstrate compliance with
the E; limit (details on E; cdculaions are avallable in AC 431.35-1). Thefird isreducing the
system probahility of fallure. Thisisnormaly achieved by arigorous and robust design,
development, and test process coupled with successful operational experience and continuous
system improvement. Management planning for safety and reliability early in the development
process will minimize the likelihood of various failure modes and thus reduce casudty
expectations and provide enhanced operationd flexibility. The second method is reducing the
consequences of mission or vehicle fallure. For an unproven vehicle with little or no operationa
higtory, satisfaction of the E criterion will most easily result from conducting initid test flight
operations over uninhabited or sparsaly populated locations due to the requirement for
unproven vehicles to use a probability of failure equa to 1 when overflying populated aress.
Examples of such locations include uninhabited deserts or dry lakebeds aswell as unused areas
of the oceans or other bodies of water.

c. System Safety Process (SSP): The SSP demonstrates compliance with acceptable
risk criteria of part 431, subpart C, by identifying and andyzing the probability and
consequences of any reasonably foreseeable hazardous events and safety- critical system
falures. To bein compliance with the SSP requirements, an applicant for an RLV misson
license must use a systematic process to identify and describe dl of the safety-critica systems
and operations on board the vehicle as well asfailure modes and their consequences (details on
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the SSP are available in AC 431.35-2). To obtain a safety approval in support of alicenseto
conduct test flight RLV missionsin unpopulated areas, an gpplicant may utilize asmplified SSP,
and stisfy 14 CFR § 431.35. Accordingly, an application for an RLV misson licenseto
conduct test flight operations in unpopulated areas need only address systems that are safety-
critica conddering the remote location of the activity and containment of hazards. Specific
requirements of the SSP that may be satisfied in a streamlined manner will be identified on a
case-by-case basisto dlow the review processto remain as flexible as possible.

(1) For the purposes of licensng RLV missons, a safety-critical sygemisone
whose performance or riability can affect public hedth, safety, and safety of property. Itisin
this step of identifying safety-critica systems that the safety review and licenang of atest flight
RLV misson may differ in scope from the safety review conducted for a design reference
mission due to fewer systems being deemed criticdl.

(2) Table 1 lists arepresentative group of safety-critica systems. Itisby no
means exhaudtive but serves to provide an example of the types of systemsthat could impact
the safety of amisson. Generdly, dl of the sysemsligted in Table 1 would be considered
safety-criticd in the conduct of an RLV misson. However, a determination of which systems
arein fact safety-critica is completely misson dependent. Therefore, safety-critical sysemson
aRLV misson that passes over populated areas may differ from those safety- critica systems
identified for atest flight RLV misson over unpopulated aress.

Table 1. Examples of Safety-Critical Systemsfor RLV Missions | nvolving Population Overflight

Structure/Integrity of Main Structure
Therma Protection System (TPS)
Environmenta Control (temperature, pressure, humidity)
Propulson: Main, Auxiliary, and Reentry
Guidance Navigation & Control (GN&C), Safety-Criticd Avionics
(includes de-orhit targeting)
Vehide Hedth Monitoring
Flight Sefety System (FSS)
Recovery and Landing
Ordnance (other than Safety)
Electricd and Power
Tdemetry, Tracking and Command
Hight Control (ascent, separation, reentry)
FSS Ground Support Equipment
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(3) In order to clarify how the demondration of safety-critica sysemsare misson
dependent, afew examples are included below that detaill some hypothetical test flight scenarios
and identify systems that may be consdered safety-critica given certain circumstances. The
scenarios included here are examples for demondration purposes only. They are not intended
to represent any actua vehicle concepts, test plans, or test Stes. They are intended solely to
demondrate that safety-critical systems are determined based on the details presented by a
proposed RLV mission.

(@ Scenario#1 —Tedt Vehicleis Contained by Low-Performance: This

scenario assumes that an RLV operator wants to perform atest flight RLV missonto test a
scaled-down version of its Verticd Takeoff/Vertical Landing RLV. The proposed test flight
RLV misson isto take place at adesert test Stethat is*Y’ miles from any population center.

)

Assumethetest RLV isascaded-down verson of the planned fully operationd
vehicle with very limited performance. In fact, based on the weight, propellant
capacity, and propulson performance capabilities, the maximum downrange
distance that the vehicle can travel based on the worst-case scenario is* Y/2
miles. Asareault, it is nearly impossible to endanger public safety assuming the
appropriate notices and warnings are issued prior to thetest. This would lead
to the determination that none of the onboard systems likely would be
consdered safety-criticd in this case.

Examining Table 1, one sees that any one of the systems listed could fail and the
hypothetical vehicle described in this scenario would not be able to harm the
public. Asareault, it may be possible to obtain a safety approva in support of
alicense to conduct flight-testing based on the performance cadculations. In
fact, it would be possible to obtain a safety gpprova for multiple test flight RLV
missions authorized by asingle license, aslong asthe vehicleisnot dtered in
any way that would increaseits range.

(b) Scenario #2 — Test Flight Redtricted to Unpopulated Areas. This

scenario assumes that an RLV operator wants to perform atest flight of a stage of its launch
vehicle, that isasuborbita launch of an RLV, over alarge body of water or over an area of
land that is suitably unpopulated. Unlike the case presented in Scenario #1, this vehicle hasthe
ability to leave the designated test area and reach populated aress.

)
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i)

The safety-criticad systemsin this example are those that could cause the vehicle
to leave its designated test area and endanger public safety should they fal. As
aresult, the safety-critical systems are those that have to do with the guidance,
navigation and control, and acceleration of the vehicle. Specific systems could
depend on whether the vehicle is piloted, controlled remotely or is autonomous.

() Scenario #3 — Crewed or Remotely Piloted Vehicles: In addition to

demondtrating that al safety-critica on-board hardware and software meet the safety
requirements of part 431, vehicleswith crews or that are remotely piloted may need to consider
human operators to be safety-critical.

)

In the case of a crewed vehicle, the vehicle designers may need to address the
manner in which the vehicle will respond should any crew member become

incapacitated.

In the case of aremotely piloted vehicle, the designers may need to consder the
effects of not only an incgpacitated remote operator but also the effects of losing
the data link between operator and vehicle. Asaresult, the safety-critica
systems on aremotely piloted vehicle will include, among other things, the
operator, the data link, the on-board flight computer and the operator’ s ground
computer.

For reference, Figure 1 illugtrates how flight-testing in a sparsdly populated area smplifies the
process of demonstrating an acceptable SSP. At the top of the figure, severd systems that
would be classified as safety-critica for aflight over apopulation center are listed. Assuming
Scenario #2 as described in the previous section, one sees that the number of safety-criticd
systems reduces to three as shown at the bottom right of the figure. The three remaining safety-
critical systems are those that are required to keep the vehicleinthetest area. This
amplification results from moving the test away from any persons or property that could be
damaged in atest fallure.
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Propulsion-Electrical Power-Primary Structure-Thermal
Protection-Landing and Recovery-Payload Flight
Control Actuation-Facilities-Environmental Control -
Flight Safety System-Ground Equipment -Reaction
Control -Propellant Feed/ Pressurization-Pilot and Crew
/Remote Operator-Telemetry, Tracking, and
\Command ‘Vehicle Health Monitoring/M anagement/

Simplification for
Flight Test Over
Sparsely Populated
Areas

Propulsion

t Control Actuation
, Tracking, and Command

Figurel. Defining Safety-critical Systems

d. Test Hight Pan: FAA regulations alow an gpplicant to gpply for and receive a
mission-specific license covering anumber of defined RLV missions using one model or type of
vehide. ldentified missons may therefore be authorized for flight inasinglelicense. Inan
application for alicense to conduct multiple flights, aformal test flight plan can be used to
identify multiple missons for which the gpplicant seeks alicense. Minor dteration of the vehicle
between test flights may be permissible under the terms of the license aslong as the intended
changes are specificaly listed in the gpplication and approved by the license. The FAA will
grant alicense for only those missions that meet the requirements set forth in the regulaions and
will only dlow the flight of RLV missonsthat are authorized by the license.

Information contained in the test flight plan might indude a summary of planned system ground
tests and flight smulations that are to be completed before the firt test flight RLV missons, test
flight mission trgectories, specific test flight objectives, the approach to maintenance and/or
refurbishment between tegts flight missons, and milestones thet will Sgnd the vehicle' s readiness
to proceed to the next leve of flight-testing. In addition, laying out the planned progression from
one test to the next with success criteriafor each test may dso help the FAA evaluate an
goplication for future flights.

A dngletest flight plan may be submitted that outlines the entire flight-testing program for which
the applicant seekslicensing. A detailed plan alows the FAA to provide feedback and
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guidance concerning what it may require, based on test flight results, as a condition of the license
such that authorized flights can continue to be conducted under the license without jeopardizing
public hedth and safety and safety of property. The FAA may licenseaportion or dl of an
goplicant’ s submitted flight test plan.

Draft Comment: Section 5 e (below) is currently being revised with consultation from
FAA legal counsel.

e. Environmentd Requirements:
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6. SUMMARY:

a. Thelicenang process, and safety review specificdly, for atest flight RLV misson may
be streamlined for an applicant proposing flight exclusively (or nearly so) over unpopulated
areas or within alimited range initialy, and then gradudly increasing the vehicle' s operaing
envelope as more data are gathered. By initidly confining the vehidle to suitably sparsdly
populated locations, the actud proof of reliability of the test vehicle and its safety-criticd
systemsin advance of flight may become less crucid to alicensing determination because
removing the vehicle from populated areas sgnificantly reducesrisk of injury or property lossto
the public. Based on the scenarios presented above, it is apparent that in certain Stuations an
RLV operator can use a streamlined risk andyd's, system safety process and environmenta
gpproach to qudify for an RLV mission license to operate an unproven vehicle and conduct
multiple tes flights. After flight-testing operations have generated sufficient data to verify reliable
performance of the vehide, including its safety- critica systems, the FAA may authorize RLV
missions having an increased operationa area of the vehicle and operating envelope, aslong as
the operator satisfies part 431 criteriafor safety and other required gpprovals.

b. Itisimportant to remember that the purpose of test flights typically isto gather data
on systems that will become safety-critica later in the life cycle as the vehicle becomes fully
operational. The fact that these sysemswill be safety-criticd a some point in the vehicle slife
means that the vehicle desgners and manufacturers need to have a comprehengve plan to
identify what will and will not be safety-critical on the vehicle. Although FAA regulations do not
explicitly require any test flights be performed, test flights enable an operator to test future
mission safety-critica systems and gather data that can be used when determining probabilities
for future misson E; caculations. Data collection from these test flights may be used to
substantiate the predicted performance of avehicle and vaidate engineering andyses. This data
can ad the FAA inissuing a safety gpprova for future vehicle operations near or over
populated areas during design reference missions.

c. Themethodology described in this AC provides an acceptable approach and is not
the only avenue available for demondrating compliance with part 431 requirements for RLV
mission licensing of test flights.  However, the reader is cautioned that the applicant is
responsible for demongtrating that the inputs to its analyses and the assumptions made are
appropriate for the Stuation under investigation. Advisory Circulars 431.35-1 and 431.35-2
provide guidance on the analyses and methodol ogies that support the development of some of
the data used in the caculation of expected casudty (E;). Thelimit of thirty expected casudties
per million missions (E; £ 30 x 10°) for FAA-licensed RLV missionsis a standard that reflects
the FAA’s determination to protect the public from licensed commercid space missons. This
standard ensures that public risk from RLV missonsis acceptable, asit is for expendable launch
vehicle launches.
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Associate Administrator for
Commercia Space Transportation
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